INTRODUCTION
Variations in dental occlusal surfaces have been used to distinguish extant and fossil leporid species, and to reveal their phylogenetic relationships (e.g. Forsyth Major, 1898; Petter, 1959; Hibbard, 1963) . Important dental variants include the presence or absence of enamel folds or notches, enamel islands, the shape of grooves, and the extent of enamel wall plication. These variants are considered quantitative genetic (epigenetic) traits, having a polygenic basis and that may re¯ect the divergence of underlying gene pools (cf. e.g. Berry, 1963; Gru È neberg, 1965; Howe & Parsons, 1967; Berry, 1975; Sjùvold, 1977; Lande, 1981; Suchentrunk, Willing & Hartl, 1994; Suchentrunk & Flux, 1996) .
Apart from ontogenetic modi®cations, variation in these characters may be caused by selective forces, such as adaptation to current environmental conditions (`ecogenetic causation'); or by selectively neutral processes (`phylogenetic causation'), such as regional gene¯ows and stochastic events (e.g. Thorpe et al., 1991) .
Our study focused on the variability of occlusal characters of Israeli hares and its causation. Environmental conditions in Israel are characterized by steep north to south and east to west gradients in temperature and precipitation that result in signi®cant ecological variability over relatively short distances. Northern, central and southern Israel comprise Mediterranean, semi-arid and arid zones, respectively (Jaffe, 1988 ; see also Fig. 1 ). In this context, ecogenetic causation of occlusal character variation should have produced a pronounced phenetic divergence between hares from northern and southern Israel.
Given Israel's geographical position, however, a divergence might have resulted from African and Eurasian Lepus gene pools. Indeed, Angermann (1965 Angermann ( , 1983 argues that L. europaeus occurs in northern Israel and L. capensis occurs in southern Israel, and a possible transition zone is in central Israel (Be'er Sheva). This scenario would not predict a continuous phenotypic change along environmental gradients within the ranges of the two species, although intermediate frequencies of occlusal variants might occur in probable zones of introgressive hybridization (i.e. central Israel). By contrast, ecogenetic causation would probably result in pronounced gradations in occlusal characters. With a general ecogenetic foundation of variability in occlusal characters, a correlation between phenetic and environmental characters can be expected at larger geographic scales in closely related species, i.e. those variants that occur in particular ecological contexts in one part of a species range can also be expected to show a similar relationship in another part of the range. To consider such a scenario, brown hares (L. europaeus) from two populations from central Europe, and cape hares (L. capensis) from two populations from East Africa were included in our comparison.
Ecogenetic causation of character variability should result in distinct occlusal morphotypes in different environments. This would be revealed by distinctive associations of character states in hares from northern and southern Israel. Speci®cally, we would expect a higher level of enamel folding in hares from southern Israel because more extensive enamel on occlusal surfaces would increase the ef®ciency of grinding the sclerophyllous plant material that is typical of arid 28, Ze'elim (n = 4, 150 mm, 27 8C, SA); 29, Kerem Shalom(n = 1, 150 mm, 27 8C, SA); 30, En Gedi (n = 1, 50 mm, 33 8C, A); 31, Nahal Amatsya (n = 2, 75 mm, 33 8C, A); 32, Sede Boker (n = 1, 75 mm, 26 8C, SA); 33, Nahal Nizzana (n = 1, 75 mm, 24 8C, SA); 34, Hatzeva (n = 11, 75 mm, 32 8C, A); 35, En Yahav (n = 12, 25 mm, 31 8C, A); 36, Wadi Ramon (n = 1, 75 mm, 28 8C, A); 37, Nahal Nikrot (n = 6, 75 mm, 28 8C, A); 38, Yotvata (n = 15, 25 mm, 33 8C, A); 39, Eilat (n = 1, 25 mm, 33 8C, A); 40, Gedera (n = 5, 500 mm, 27 8C, T); 41, Urim (n = 1, 200 mm, 27 8C, SA); 42, Rosh Pinna (n = 1, 700 mm, 26 8C, T); 43, Qedma (n = 1, 450 mm, 27 8C, T); 44, Kabri (n = 1, 650 mm, 27 8C, T); 45, Revivim (n = 1, 150 mm, 27 8C, SA); 46, Be'er (n = 1, 350 mm, 27 8C, SA. Jaffe, 1988) are given in parentheses for each sampling locality. 1, Hulata, Yesud Hamaalah (n = 11, 450 mm, 29 8C, T); 2, Ramat Yohanan (n = 2, 650 mm, 27 8C, T); 3, Resha®m (n = 2, 350 mm, 29 8C, SA); 4, Sede Eliyahu (n = 10, 350 mm, 29 8C, SA); 5, Givat Ada (n = 1, 650 mm, 25 8C, T); 6, Kfar Haroe (n = 1, 600 mm, 26 8C, T); 7, Bet Halevi (n = 1, 550 mm, 27 8C, T); 8, Ha Mapilo (n = 3, 550 mm, 27 8C, T); 9, Shefaym (n = 1, 550 mm, 25 8C, T); 10, Migdal Zedek (n = 1, 550 mm, 27 8C, T); 11, Tel Aviv (n = 2, 550 mm, 25 8C, T); 12, Ramla (n = 1, 500 mm, 27 8C, T); 13, Herded (n = 2, 550 mm, 27 8C, T); 14, Ben Shemen (n = 1, 450 mm, 27 8C, T); 15, Gimzo (n = 1, 500 mm, 27 8C, T); 16, Palmahim (n = 3, 500 mm, 27 8C, T); 17, Na'an (n = 1, 550 mm, 27 8C, T); 18, Ashdod (n = 1, 450 mm, 27 8C, T); 19, Wadi Sayad (n = 4, 450 mm, 27 8C, T); 20, Bet Nir (n = 4, 450 mm, 27 8C, T); 21, Ruhama (n = 3, 350 mm, 27 8C, SA); 22, Devira (n = 2, 350 mm, 27 8C, SA); 23, Bet Kama (n = 2, 300 mm, 27 8C, SA); 24, Mishmar Hanegev (n = 4, 300 mm, 27 8C, SA); 25, Maslul (n = 1, 300 mm, 27 8C, SA); 26, Nit Yitzhaq (n = 1, 150 mm, 27 8C, SA); 27, Mivtahim (n = 1, 150 mm, 27 8C, SA);
environments. Greater enamelization of the occlusal surface would also reduce abrasion of the dental shaft.
In phylogenetic causation we would expect a correspondence of epigenetic differentiation and geographical separation because geographically more separated gene pools should have less chance of genē ow than neighbouring populations. Owing to greater gene pool divergence, irrespective of the geographical proximity of the samples or the environmental context, pairwise phenetic divergence should be greater between species than within species. If two hare species occurrred in Israel, we would expect hares from northern Israel to cluster with brown hares from central Europe and hares from southern Israel to cluster with cape hares from East Africa.
MATERIAL AND METHODS

Specimens and sample provenances
A total of 3747 right and left teeth from the cleaned skulls and mandibles of 134 hares (Lepus sp.) from Israel was examined for occlusal variants with a dissecting microscope. Most of the specimens were collected by Y. Yom-Tov in 1963 and 1964 , and are in the mammals collection of the Zoological Museum of Tel Aviv University (Yom-Tov, 1967 ). In addition, 10 specimens were collected by PUA on 16 February 1993 around Yesud Hamaalah (north of the Sea of Galilee), and are now in the mammals collection of the Museum of Natural History of Vienna (Austria). Another 7 hares were collected by FS c. 2±12 km south of Hazeva (Arava Valley) in southern Israel near the Jordanian border on 21 May 1995. We compared Israeli hares with 2 local Kenyan samples of cape hares L. capensis (Magadi, n = 83; Akira, n = 77; Suchentrunk & Flux, 1996) , and 2 regional samples of brown hares L. europaeus from central Europe (Zwerndorf, Austria, n = 39, Suchentrunk et al., 1994 ; diverse localities in Slovenia, n = 29; specimens housed in the Slovenian Museum of Natural History, Ljubljana). Magadi is a hot, dry region of Kenya, while Akira is cooler and more humid (cf. Suchentrunk & Flux, 1996) . The sample regions in central Europe have a temperate climate with variable precipitation, ranging from 550 mm in Zwerndorf, Austria to c. 950 mm in Slovenia. With the inclusion of these specimens from East Africa and central Europe, 10 131 teeth were screened for occlusal variants.
Israeli specimens were from 46 localities in Mediterranean, semi-arid, and arid zones (Fig. 1) . The Israeli hares grouped as follows: (1)`N-Israel', hares from north of the 100 mm isohyete (except those from the Be'er Sheva region) encompassing Mediterranean and some semi-arid zones; (2)`S-Israel', hares from south of the 100 mm isohyete encompassing arid zones; (3) hares from the Be'er Sheva region, a semi-arid zone. This grouping corresponds to observed differences in body size, ear length, coat coloration, fur texture and skull characters between hares from northern and southern Israel, and in the Be'er Sheva region which possessed hares of intermediate morphological characters (Yom-Tov, 1967 ; see also Angermann, 1983) .
Sex of Israeli hares was determined by inspection of the internal reproductive organs, and was taken from specimen labels of the museum material. They were assigned to 2 age classes: juvenile / sub-adult class, characterized by more delicate processus supraorbitales with rather smooth margins and almost no obliteration of the skull sutures (sutura frontalis, s. saggitalis); adults, having larger processus supraorbitales with more uneven edges, and partial obliteration of s. frontalis and s. saggitalis. Application of these age criteria, however, was associated with some ambiguity as there were many intermediate skulls. Because of the high variability of skull size and the lack of detailed information on skull growth in different environments, a large fraction of specimens was left unclassi®ed.
Occlusal variants and statistical analysis
Only 3 teeth in Israeli hares (I 1 , I 2 , M 3 ) did not exhibit occlusal variation, and were not included in our analysis. Based on observed variants (Table 1) , 38 occlusal characters were created with dichotomous (0 / 1) character states by avoiding mutually dependent characters (Table 2) . Bilateral (right / left) and inter-character associations of character states were tested by Pearson's phi coef®cients. Inter-character associations were carried out for right side teeth, and signi®cance of associations were tested by w 2 tests (> 4 cases per cell) and by Fisher's exact tests (< 5 cases per cell). Owing to the high number of tests and for multiple testing, signi®cance decisions were based on sequential Bonferroni procedures with a nominal a of 0.05 (Rice, 1989) . Bonferroni procedures were applied in all further analyses of test series with dependent samples. Wilcoxon matched-pair signed rank tests were used to distinguish between uctuating and directional asymmetry in bilateral associations of character states (Palmer & Strobeck, 1986) . Sex and age dependencies of character states of single characters were examined by G-tests (P < 0.05) using frequencies of right-side teeth. Geographical variation in frequencies of character states was tested by G-tests (P < 0.05), separately for the 3 regional samples of the Israeli hares; and for all 7 geographical samples (3 Israeli samples, 2 East African and 2 central European samples). Variation of character state occurrence associated with climatic regime (Fig. 1 ) was determined in each character, in northern and southern Israeli hares, by comparing precipitation and temperature values with character state using Kruskal±Wallis tests.
A general index of enamel folding and plication (FPI) for each individual was derived from the number of characters with character state 1 (indicating increased enamel on the occlusal surface, see Table 2 ) and expressed as percentage of all characters except C-4, C-6, C-11, C-13, C-34, C-35, C-36, C-37, C-38. Individual FPI values were averaged for each regional sample. Mesial re-entrant fold absent and no cement layer in this part of the trigonid V-2 P 3 Mesial re-entrant fold absent but a cement layer in this part of the trigonid V-3 P 3 Mesial re-entrant fold (®lled with cement) present (simple type) V-4 P 3 Additional mesial re-entrant fold (®lled with cement) present; add. fold lingual of V-3 and completely separated from it, i.e. each fold with a separate cement layer V-5 P 3 Lingual (internal) anterior re-entrant fold absent V-6 P 3 One lingual (internal) anterior re-entrant fold (®lled with cement) present V-7 P 3 Additional lingual (internal) anterior re-entrant fold (®lled with cement) present V-8 P 3
Posterior external re-entrant fold extending almost across the entire bucco-lingual diameter of the tooth (leaving only a short section of dentine in between) V-9 P 3 Posterior external re-entrant fold clearly shorter than in V-8; i.e. leaving a pronounced section of dentine in between (up to ca. 1/3 of bucco-lingual diameter) V-10 P 3 Posterior external re-entrant fold breaking through the lingual enamel wall and separating the trigonid and talonid completely V-11 P 3 Margin of posterior external re-entrant fold forming one extra fold in its most lingual section; additional fold extending mesiad V-12 P 3 Mesial and distal margins of posterior external re-entrant fold approaching considerably or even touching one another V-13 P 3 Mesial margin of posterior external re-entrant fold not plicated V-14 P 3 Mesial margin of posterior external re-entrant fold not plicated but with one clearly developed fold in central section V-15 P 3 Mesial margin of posterior external re-entrant fold plicated (strong or slight plication) V-16 P 3 Distal margin of posterior external re-entrant fold not plicated V-17 P 3 Distal margin of posterior external re-entrant fold not plicated but one clearly developed fold or groove usually in central section V-18 P 3 Distal margin of posterior external re-entrant fold plicated (strong or slight plication) V-19 P 3 Trigonid with at least one large enamel lake (generally, a small enamel lake with a thin enamel layer, ®lled with a reddish/brownish or black substance and cement was visible in many trigonids [stemming from the pulp cavity] -this variant, however, was not considered presently) V-20 P 3 One enamel lake (®lled with cement) between posterior external re-entrant fold and lingual enamel wall V-21 P 3 Cement layer of mesial re-entrant fold stretching linguad and covering also anterior lingual re-entrant fold (if present) V-22 P 3 Margin of anterior external re-entrant angle shows strong plication (three or more distinctly developed plicae) V-23 P 3 Anterior external re-entrant angle covered with cement V-24 P 3 Anterior external re-entrant angle not covered with cement V-25 P 3 Cement layer lingually on trigonid but no anterior lingual re-entrant fold present V-26 P 4 Distal margin of lateral re-entrant fold not plicated V-27 P 4 Distal margin of lateral re-entrant fold (slightly or distinctly) plicated V-28 P 4 Distal margin of lateral re-entrant fold with one extra fold in its lateral section V-29 P 4 Bucco-mesial margin of trigonid without any fold V-30 P 4 One fold (®lled with cement) on bucco-mesial margin of trigonid V-31
Trigonid and talonid completely separated by cement layer V-40 M 3 Trigonid and talonid connected by a dentine bridge coated with an enamel layer V-41 P Anscombe's (1948) transformations. Any MMD value exceeding the duplex associated sd value was considered to differ signi®cantly from 0 (Sjùvold, 1977) . Because of signi®cant intercharacter associations of character states (see Table 3 ) or the absence of the alternative character state in all 7 samples (expression only in left teeth), characters C-13, C-18, C-26, C-28, C-30 were disregarded for MMD calculations, leaving 33 characters. Signi®cance of intersample variation of character state frequencies (Sjùvold, 1977) was not a criterion for selecting characters for MMD calculations (for argumentation see Suchentrunk et al., 1994; Suchentrunk & Flux, 1996) . The generalized epigenetic relationships among the samples were revealed by cluster analyses employing the UPGMA and the Fitch±Margoliash algorithms (PHYLIP-package; Felsenstein, 1985) . For UPGMA analysis, all negative MMD values were transformed to 0, and for Fitch± Margoliash analysis, negative MMD values were transformed to 0.0001. The cluster analysis was repeated with an MMD matrix based on 31 characters, excluding I 1 (characters C-34, C-35, see Table 1 ), because patterns of this tooth were used by Petter (1963) in support of the conspeci®c status of L. capensis and L. europaeus. Our MMD cluster analysis should indicate the degree of dependence of epigenetic divergence among Israeli hares on these characters. The MMD matrix and a matrix of pairwise linear geographical distances between the sample regions was checked for concordance of epigenetic differentiation and geographical separation using a Mantel test. A Fitch±Kitch cluster analysis (Felsenstein, 1985) of pairwise MMD values was carried out using only hares from the northern part of northern Israel (sampling location numbers 1, 2, 3, 4, 5, 6, 7, 8, 42, 44) and the southern part of southern Israel (33, 35, 36, 37, 38, 39;  Fig. 1 ) along with the other regional samples. This procedure was intended to detect any possible biases towards epigenetic similarity of hares from northern and southern Israel by a clinal change of frequencies of character states within each sample.
RESULTS
The 74 occlusal variants discriminated in Israeli hares 507 Dental variabilities in Israeli hares Table 2 . Dental characters with dichotomized character states (0/1) used for analysis of epigenetic variation and differentiation. All characters are created from the occlusal variants (see Table 1 and Fig. 2 ). Character state (1) in C-36, C-37, C-38 occurred only in the Austrian brown hare sample, which was included in the epigenetic cluster analyses The 38 dichotomized (0/1) occlusal characters created from the occlusal variants by avoiding establishing mutually dependent characters are described in Table 2 . There was no sex or age dependence of character state frequencies. All characters showed signi®cant positive association for bilateral character states: phi-coef®cients averaged to + 0.76, sd = 0.15, minimum = + 0.232, maximum = + 1.0. Asymmetry in all characters was identi®ed as¯uctuating asymmetry. Signi®cant positive inter-character associations of character states, respective association coef®cients, and signi®cance levels are detailed separately for northern and southern Israeli hares in Table 3 . The frequencies of character state 1 in all characters are summarized by region in Table 4 , along with the signi®cance levels for varying frequencies. Character states of two characters varied signi®cantly among the Israeli samples (Table 4) . Based on a sequential Bonferroni procedure, there were no signi®cant differences of climatic variables between the two character states of any character. The index of FPI was signi®cantly higher in hares from northern than southern Israel. Within each of the three samples of Israeli hares, however, we detected no signi®cant correlation between FPI and mean annual precipitation or mean temperature of the warmest month (see Table 5 ).
Epigenetic divergence analyses (pairwise MMD values) were based on only 33 characters, excluding characters C-13, C-18, C-26, C-28 and C-30 because of high 509 Dental variabilities in Israeli hares phi-coef®cients in inter-character associations (Table 3) . The matrix of pairwise MMD values and the associated sd values are given in Table 6 ; and two UPGMA clusters based on pairwise MMD values are depicted in Fig. 3 . One cluster is based on the distance matrix of all 33 characters. The second, based on 31 characters excluding the ®rst upper incisors, accounts for previous work that emphasized I 1 characters in the intergeneric taxonomy of Lepus (e.g. Petter, 1959 Petter, , 1961 Petter, , 1963 Robinson, 1986 ). An unrooted Fitch±Margoliash dendrogram, accounting for possible differences in the anagenesis of this character system among taxa, is shown in Fig. 4 . The Mantel test for association of the pairwise MMD (Table 3 ) and linear geographical distance matrices yielded a G = 2. 274 (71.196 < G < +1.196 ; where the latter values correspond to the 0.975 or 0.025 percentiles of the N (0,1)-distribution). We thereby rejected the null hypothesis of uncorrelated matrices (P < 0.05). The Fitch±Kitch dendrogram (Fig. 5) is based on hares from the northern part of northern Israel and the southern part of southern Israel, to detect any bias towards a close relationship brought about by a possible gradual change of frequencies of character states within each sample. Its topology agrees with other dendrograms, indicating a close epigenetic relationship among all Israeli hares.
DISCUSSION
Variability of occlusal characters: ecogenetic or phylogenetic causation?
The high variability of occlusal traits in hares from diverse regions of Israel is in accordance with earlier results on hares of diverse taxa and from various regions (Angermann, 1965; Palacios & Fernandez, 1992; Suchentrunk, 1993; Suchentrunk et al., 1994; Suchentrunk & Flux, 1996) . Among all the characters of Israeli hares, only one (C-19) was not detected in brown hares from central Europe and cape hares from East Africa (Suchentrunk et al., 1994; Suchentrunk & Flux, 1996) . Only one type of lower cheek tooth characters (C-36, C-37, C-38), found in a few Austrian brown hares was not present in Israeli hares. These ®ndings con®rm the view that many minor occlusal characters are shared by diverse Lepus spp. with varying frequencies, and therefore have little diagnostic value (Angermann, 1965) . Given a largely phylogenetic causation of variation and considering them as quantitative genetic characters with a polygenetic background, these traits can be used none the less for reconstructing intra-and interspeci®c gene pool relationships.
Recently, quantitative data of occlusal variants have been used in addition to other morphological traits to substantiate e.g. the speci®c status of Lepus corsicanus (Palacios, Orueta & Tapia, 1989) , the subspeci®c status of L. granatensis solisi (Palacios & Fernandez, 1992) , as well as in studies on intra-and interspeci®c variability of L. europaeus, L. capensis and L. victoriae (Suchentrunk et al., 1994; Suchentrunk & Flux, 1996) .
As previously observed in brown hares from central Europe (Suchentrunk et al., 1994) and cape hares from East Africa (Suchentrunk & Flux, 1996) , we found only few slight or moderate associations among character 511 Dental variabilities in Israeli hares states between different teeth. Characters within individual teeth were not associated, which suggests that diverse characters within single teeth are controlled by independent sets of loci. Therefore, no speci®c morphotypes can be established for speci®c teeth. Modi®cations of the basic occlusal`Lepus pattern ' (cf. e.g. Angermann, 1965; Corbet, 1983) do not produce certain coadapted structures that would suggest a functionally preferred solution. The absence of a stable enamel folding pattern within single teeth accords with a phylogenetic causation of character variation; i.e. frequencies of single character states probably resulted from selectively neutral processes, such as gene¯ow and genetic drift. Absence of ecogenetic causation of character variation is also indicated by the inconsistent mode of variation of character states across the various ecologically differing regions. For instance, in Israeli hares, expression of the anterior lingual re-entrant fold of the P 3 (C-3) occurs in generally low frequencies independent of ecological context. While this fold is absent in the East African cape hares from both semi-arid/hot (Magadi) and cooler and more humid (Akira) regions, it occurs in moderate frequencies in central European brown hares from regions with both low and high precipitation. Obviously, hares from geographically close locations have similar frequencies of occurrence of this fold. Also, plication of the mesial margin of the posterior external re-entrant fold (C-7) of the P 3 does not change across the different climatic regions in Israel, but is more frequent in cape hares from East Africa and less frequent in brown hares from central Europe, irrespective of the climatic context. The low frequency of plication of the distal margin of the posterior lateral re-entrant fold of the P 3 (C-8) in southern Israeli hares might suggest a positive association with more humid environments. But while there is a slight tendency for such a relationship in the East African cape hares, there is none in brown hares from central Europe. An extra fold in the distal margin of the lateral fold of the M 2 occurs more often in northern than southern Israeli hares. But frequencies of this character state are similar in the East African cape hares, despite differences in the climate. The same is true for the brown hares from central Europe. Plication of the central fold of the P 2 (C-31) is infrequent in all Israeli hares, but occurs much more often in cape hares from East Africa, again irrespective of the climate. These examples indicate an absence of a favoured occlusal pattern in certain environments.
The FPI index of the occlusal surface decreases in hares from northern to southern Israel (Table 5 ). This rejects our ecomorphological hypothesis of increased plication of the occlusal surface in arid regions to aid grinding of sclerophyllous plant tissues from xeric environments. Increased occlusal folding and plication in northern Israeli hares could have either ecogenetic causation, i.e. selection for plicated teeth in humid environments, or result from variation from certain gene pool elements among populations owing to genē ow history. But no signi®cant correlations occurred between the FPI values and the climatological indices, respectively, in the three regions of Israel (Table 5 ). This AUS result accords with a largely phylogenetic interpretation of the change of FPI values across Israel. However, since a similar tendency of slightly reduced plication in environments with comparatively low precipitation have been observed in cape hares from East Africa (Suchentrunk & Flux, 1996) , and separately in P 3 patterns of brown hares from Austria (Suchentrunk et al., 1994) , we do not exclude the possibility of the action of selective forces favouring slightly more plicated dentitions in humid environments. If so, the size of ecogenetic component is small, as judged by the few changes of the traits across the steep environmental gradient in Israel, and as compared to the greater epigenetic differentiation of hare samples from Europe and East Africa. A tendency towards folded teeth in humid environments may be the result of`indirect selection' based on gene linkage, or pleiotropic gene effects.
Epigenetic differentiation and phylogenetic implications
The numerous (quantitative genetic) characters used for our analyses of epigenetic differentiation suggests an adequate portrayal of the relationships among the gene pools underlying this character system (e.g. Berry & Jakobson, 1975; Sjùvold, 1977) . However, our epigenetic analyses did not include frequencies of character states on both body sides, as recommended by several authors (e.g. Ossenberg, 1981) . The generally signi®cant associations of character states from both body sides suggest a common genetic background for the bilateral expression of single dental characters. Asymmetry in all occlusal characters has been identi®ed as`¯uctuating asymmetry', representing minor deviations from regular ontogenetic trajectories, and commonly used to indicate the level of developmental stability (e.g. Palmer & Strobeck, 1986; Mùller & Swaddle, 1997) . It may be in¯uenced by ecological and genetic factors (Palmer & Strobeck, 1986; Novak et al., 1993; Mitton, 1995) . Apart from developmental homeostasis, a certain allelic in¯uence on the right/left variation of character states cannot be entirely excluded (cf. Suchentrunk, 1993) . However, in order not to obscure geographical changes in frequencies of character states by possibly varying levels of developmental homeostasis, we refrained from basing regional frequencies of character states on both body sides (see also Suchentrunk & Flux, 1996) . Because of positive inter-character associations (Table 3) , especially the plication of the posterior lateral re-entrant fold of the P 3 , the hypostria in upper and the lateral fold in lower cheek teeth (P 4 ± M 2 , P 3 ± M 2 ) may be controlled by a common genetic background, such as major genes, pleiotropic gene action, or linkage disequilibrium. In order to minimize the effects of associated characters in the epigenetic differentiation analysis, some were omitted from calculations of pairwise MMD.
Of 14 geographically varying characters, only two showed signi®cant variation across the three Israeli samples (Table 4 ). The extent of character variation was almost always lower among the Israeli hares than between samples from East Africa and Europe (Table  4) . The UPGMA-dendrogram based on all 33 characters indicates little gene pool divergence between hares from northern and southern Israel. This accords with the view of Yom-Tov (1967) , who considers that Israeli hares belong to two distinct populations of a single species. As suggested by their MMD value (Table 6) , the populations from northern and southern Israel are more separated than are the two local samples of the East African cape hares. In the Be'er Sheva region, frequencies of some character states are similar to those of northern Israeli hares (C-5, C-15), and others resemble southern Israeli hares (C-22, C-28, C-30, C-31), and still others are intermediate (Table 4 ). The lack of epigenetic differentiation between northern and southern Israeli hares from hares from the Be'er Sheva region (Table 6 , Fig. 3) indicates that the Be'er Sheva region is a transition zone between the northern and southern populations. The epigenetic divergence between northern and southern Israeli hares was clearly lower than between Israeli hares and hares from either East Africa or Europe. The signi®cant concordance of pairwise MMD values (Table 6 ) and linear geographical distances among the samples (Mantel test) corresponds to a phylogenetic interpretation of character variability, i.e. increased gene pool divergence with increased geographical or taxonomical separation.
The close epigenetic relationship between northern and southern Israeli hares does not depend on a particular cluster algorithm. While the UPGMA dendrogram assumes equal evolutionary rates of gene pools underlying the occlusal character system in all hare samples, the unrooted Fitch±Margoliash dendrogram (Fig. 4) allows for different evolutionary rates. But the pattern of epigenetic relationships remains stable. We also carried out a cluster analysis based on pairwise MMD values to check for an in¯uence of the I 1 , a tooth considered to be important for intrageneric classi®cation of the genus Lepus (e.g. Petter, 1959 Petter, , 1961 Petter, , 1963 Robinson, 1986) . The modi®ed data set produced a change in the positions of the East African cape hares and the central European brown hares in relation to the Israeli hares, but all three Israeli samples remained together in one cluster (Fig. 3b ). This reveals a tight gene pool af®nity of all Israeli hares, and the position of Israeli hares between the East African cape hares and central European brown hares. The close epigenetic relationships among the three Israeli hare samples may re¯ect a clinal change of character state frequencies in a north to south direction. However, when only hares from the northern part of northern Israel and from the southern part of southern Israel were used in the cluster analysis, the Israeli samples remained closely connected (Fig. 5) . A possible clinal change of character states within northern and southern Israeli hares, respectively, would not in¯uence the extent of epigenetic divergence between these two populations. A phylogenetic explanation for the epigenetic character system of hares can also be tested by comparing the revealed pattern of epigenetic differentiation with patterns obtained from other sets of neutrally evolving character systems, such as allozymes and mtDNA characters. Neutral character systems should exhibit concordant spatial variation (e.g. Thorpe et al., 1991) .
Results of preliminary molecular studies are in substantial agreement with a phylogenetic explanation for the occlusal characters. A phylogenetic causation of variation in occlusal characters of Israeli hares suggests that the pronounced regional variation in their external appearance (coat coloration, fur texture, body size, ear length) is governed mainly by ecogenetic factors. It also suggests that these hares have retained a broad phenotypic plasticity in external appearance, in the face of a cohesive gene pool. Emphasis on external characters in phylogenetic analysis of certain Lepus taxa may thereby produce misleading results.
Our study indicates that all Israeli hares belong to a common gene pool, with only slight differentiation into a northern and southern population. Whether this gene pool should be included in L. capensis, L. europaeus, or even belongs to a separate species, requires the study of diverse character systems (including molecular data), and specimens from a larger geographical context.
